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METHOD FOR ENCAPSULATING LEAD 
FRAME PACKAGES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a method for 

encapsulating lead frame based packages. More speci?cally, 
embodiments of the invention pertain to a high density 
molded lead frame and a method for manufacturing the 
same. 

2. Background Art 
Recently developed packages for integrated circuit (IC) 

die or chips include the quad ?at, no-lead (QFN) package 
and the dual ?at, no-lead (DFN) package, Which is essen 
tially the same as a QFN package except it includes leads on 
tWo sides of the package instead of four. QFN and DFN 
packages are sometimes referred to Within the semiconduc 
tor industry as micro lead frame (MLF) packages or a 
molded leadframe packages (MLP). FIG. 1 is a cross 
sectional vieW of a simpli?ed MLP 10. MLP 10 includes an 
IC die 12 attached to a die pad portion 14 of a lead frame by 
an adhesive 13. Bonding pads 18 are formed on the top of 
IC die 12 and connected to leads 16 of the leadframe by 
Wirebonds 19. An encapsulant material 20 covers the pack 
age including IC die 12, Wirebonds 19 and the upper 
surfaces of die pad 14 and leads 16. Die pad 14 and leads 16 
are exposed on the bottom of the package thereby facilitat 
ing heat dissipation from IC 12 external to package 10 and 
decreasing the overall thickness of the package. A half 
etched portion 17 is formed on the sideWall surface of die 
pad 14 and leads 16 to better mechanically secure the die pad 
and leads to the encapsulant material, Which ?oWs under 
neath half-etched portion 17. 
MLP 10 is typically one of many IC packages formed in 

a matrix pattern on a lead frame strip, and MLP 10 is 
typically encapsulated using one of tWo different techniques, 
Which can be referred to as block molding or matrix mold 
ing. Packages encapsulated using a block molding technique 
are typically separated from the lead frame strip using a 
saWing process While packages encapsulated using a matrix 
molding technique are typically separated from the lead 
frame using a punch process. To accommodate the different 
types of encapsulation and singulation processes, lead frame 
strips are speci?cally designed for one or the other. 
One example of a suitable lead frame strip 30 that can be 

used for a block encapsulation process is shoWn in FIG. 2. 
Strip 30 includes an outer frame 32 having a plurality of 
positioning holes 34 formed thereon and a plurality of 
vertical and horizontal connecting bars 36 and 38, respec 
tively, that form a plurality of inner frames 40 Which are 
shoWn in more detail in FIG. 3, Which is an expanded vieW 
of portion A in FIG. 2. Each inner frame 40 shoWn in FIG. 
3 includes a die pad 14 and a plurality of leads 16 that 
surround the die pad. Die pad 14 is connected to the lead 
frame by tie bars, Which are not shoWn for simplicity, and 
each set of leads 16 extends from one of the horizontal or 
vertical connecting bars toWards its respective die pad 14. 

Lead frame strip 30 includes four 9><9 matrices of inner 
frames 40, each of Which Will be made into an IC package 
to provide 81 separate IC packages per block. In a block 
encapsulation method, each matrix is encapsulated Within a 
single block of encapsulation material and then singulated 
using a saWn technique. FIG. 4 shoWs a lead frame strip 30 
having tWo encapsulation blocks 31a and 31b formed over 
matrices of IC packages Within the area covered by blocks 
31a and 31b. Also shoWn in FIG. 4 are tWo 9x9 matrices 
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2 
(310 and 31d) of inner frames 40 that have not yet been 
covered by encapsulation blocks. Each of blocks 31a*31d 
provides 81 separate IC packages after the encapsulation, 
singulation and additional steps of the package formation 
process are completed. A plurality of stress relief holes 42 
are shoWn betWeen each of blocks 31a*31d that help ensure 
accurate singulation during the saWing process. 
An example of a lead frame 50 suitable for a matrix type 

molding process is shoWn in FIGS. 5 and 6. A matrix mold 
encapsulation process encapsulates each integrated circuit 
package Within a separate cavity as opposed to using a single 
cavity to encapsulate an entire matrix as done in a block 
molding method. Matrix molding techniques are typically 
used When packages are separated from the lead frame strip 
using a punch singulation technique as opposed to a saWing 
technique. FIG. 5 shoWs an example of a portion of a lead 
frame strip 50 that can be used for a matrix molding 
encapsulation technique Where each individual IC package 
is encased Within a package cavity 54 of a mold. As shoWn 
in FIG. 5, space needs to be saved on the lead frame strip for 
runners 52 to be placed betWeen the individual IC packages. 
During a standard transfer molding encapsulation process, 
encapsulant is melted and ?oWs doWn the runners by the 
force of gravity. From the runners, the encapsulant then 
?oWs into gates 53 that lead to a cavity 54, Which de?nes the 
shape of the plastic resin that makes up the bulk of each IC 
package. The encapsulant ?lls the cavity Within the mold 
and, after the encapsulant cools and hardens, the mold can 
be removed leaving behind a partially formed package 
having encapsulant material covering the IC chip, Wire 
bonds and leads (except for the portion used to make contact 
to an external device/board). 
One problem With the Well knoWn transfer molding 

process described With respect to FIG. 5 is that providing 
space for the runners reduces the density of the packages that 
can be formed for a given siZe lead frame strip thus 
contributing to an overall cost increase in the MLP manu 
facturing process. Each runner 52 travels the length of the 
connecting bar it is positioned over and thus needs to be 
Wide enough to alloW for a suf?cient amount of encapsulant 
to travel doWn the runner and ?ll the mold cavity for each 
package connected to the runner in a reasonable amount of 
time. This issue can be easily seen in FIG. 6, Which is a 
simpli?ed top plan vieW of the lead frame strip 50 that Was 
only partially shoWn in FIG. 5. As shoWn in FIG. 6, lead 
frame strip 50 includes alternating thin vertical connecting 
bars 55 and thicker vertical connecting bars 56. Runners 52 
are positioned over the thicker vertical connecting bars 56 
(note FIG. 5 is rotated 90 degrees With respect to FIG. 6). 
The runner along connecting bar 5611 provides encapsulant 
to the eighteen cavities in lead frame strip 50 adjacent to 
connecting bar 56a (shoWn Within dashed line B, note that 
lead frame strip 50 has columns of packages nine roWs 
deep). 

Accordingly, improved techniques and method of pack 
aging ICs, such as MLPs 10, are desirable. 

BRIEF SUMMARY OF THE INVENTION 

Embodiments of the invention provide for neW and 
improved techniques of encapsulating IC packages. While 
the technique of the present invention is particularly useful 
in the packaging of MLP or similar QFN and DFN packages, 
embodiments of the invention can also be used to package 
other types of chip scale packages and can be used to create 
packages in Which encapsulant covers both the loWer and 
upper surfaces of the die pad and/or leads. 
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Embodiments of the invention can be used in matrix type 
encapsulation processes in Which hundreds of IC packages 
are formed from a single lead frame strip that includes an 
outer frame and a plurality of vertical and horiZontal con 
necting bars attached to the outer frame. The vertical and 
horizontal connecting bars de?ne a plurality of inner frames 
arranged in a matrix pattern Within the outer frame. Each 
inner frame includes an area Where an IC chip is attached. 
In some embodiments, each inner frame includes a die pad 
and a plurality of leads that extend toWards the die pad from 
one or more connecting bars. In other embodiments, used for 
chip-on-lead (COL) type packages, the inner frame does not 
include a die pad and the IC chip is attached directly to inner 
ends of the leads that project inWard from the connecting 
bars. 

According to one embodiment, a method of encapsulating 
a plurality of IC chips attached to a lead frame strip 
comprises, for each inner frame, encasing the IC chip 
attached to the inner frame along With a portion of the inner 
frame Within a package cavity of a mold siZed to form a 
single integrated circuit package and injecting encapsulant 
material into each package cavity. The encapsulant material 
is delivered to the package cavity through a series of runners 
and gates that includes at least one runner positioned on a 
plane above the package cavities, a lead frame runner 
positioned along a ?rst connecting bar of the lead frame strip 
and a vertical gate that couples a runner positioned on a 
plane above the lead frame strip to the lead frame runner and 
each lead frame runner delivers encapsulant material to a 
plurality of package cavities positioned adjacent to the lead 
frame runner. 

According to another embodiment, a method of forming 
a plurality of integrated circuit packages on a lead frame 
strip comprising a plurality of inner frames arranged in a 
matrix pattern Within an outer frame, each inner frame 
having a die pad and a plurality of leads arranged around the 
die pad is provided. The method comprises, for each of a ?rst 
plurality of integrated circuit die, attaching an integrated 
circuit die in the ?rst plurality of integrated circuit die to a 
unique die pad and electrically connecting the integrated 
circuit die to at least some of the plurality of leads surround 
ing its respective die pad. Each attached integrated circuit 
die is encased, along With at least a portion of the lead frame, 
Within a cavity of a mold siZed to form a single integrated 
circuit package. The mold includes an inlet positioned 
betWeen adjacent leads associated With the integrated circuit 
die through Which encapsulating material can be introduced 
into the cavity. Encapsulant material is then injected into 
each cavity under pressure to encapsulate the integrated 
circuit die. During the injecting process, the encapsulant 
material ?oWs through a runner positioned on a plane 
through a vertical gate to a lead frame runner positioned 
along a connecting bar of lead frame strip and into a plurality 
of mold cavities through a respective plurality of cavity 
gates coupled to the lead frame runner. After the encapsulant 
material hardens, the plurality of integrated circuit packages 
is singulated using a punch singulation technique. 

These and other embodiments of the present invention, as 
Well its advantages and features, are described in more detail 
in conjunction With the description beloW and attached 
?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed cross sectional vieW of an MLP 
package 10 that can be formed according to the techniques 
of the present invention; 
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4 
FIG. 2 is a simpli?ed top plan vieW ofa portion ofa lead 

frame strip 30 that is used for a previously knoWn block 
encapsulation process; 

FIG. 3 is a simpli?ed exploded vieW of portion A of lead 
frame strip 30 shoWn in FIG. 2; 

FIG. 4 is a simpli?ed top plan vieW of a lead frame strip 
30 used for a previously knoWn block encapsulation process; 

FIG. 5 is a simpli?ed top plan vieW ofa portion ofa lead 
frame strip 50 having a runner positioned along one of the 
vertical connecting bars of the lead frame strip according to 
a previously knoWn transfer molding technique; 

FIG. 6 is a simpli?ed top plan vieW of lead frame strip 50 
shoWn in FIG. 5; 

FIG. 7 is a simpli?ed cross-sectional vieW of a portion of 
an injection molding tool 60 that can be used to package ICs 
according to the method of the present invention; 

FIG. 8 is a simpli?ed cross-sectional vieW of a neW and 
novel design for a cull insert 66 according to one embodi 
ment of the invention; 

FIG. 9 is a simpli?ed top plan vieW of a portion of lead 
frame strip 50b shoWn in FIG. 7 along With various runners 
and gates that deliver encapsulant to package cavities 
according to one embodiment of the invention; 

FIG. 10 is a perspective vieW of a portion of the runner/ 
gate system shoWn in FIG. 9; 

FIG. 11 is a simpli?ed cross-sectional vieW of a mold for 
encasing an integrated circuit according to one embodiment 
of the present invention; and 

FIGS. 12A and 12B are top vieWs of a lead frame strip 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiments of the invention use injection molding 
techniques instead of transfer molding to encapsulate inte 
grated circuit packages. Injection molding pressuriZes the 
How of encapsulant alloWing the encapsulant to How into 
cavities faster and more completely than transfer molding. In 
order to better appreciate and understand embodiments of 
the invention, reference is ?rst made to FIG. 7, Which is a 
simpli?ed cross-sectional vieW of a portion of an injection 
molding tool 60 that can be used to package ICs according 
to the method of the present invention. As shoWn in FIG. 7, 
tWo separate lead frame strips 50a and 50b are positioned on 
the left and right halves of the injection molding tool, 
respectively. Strips 50a and 50b are positioned so the cross 
sectional vieW of the strips shoWn in FIG. 7 is perpendicular 
to the length of the strips (direction X in FIG. 6). 

Each lead frame strip 50a, 50b is placed betWeen bottom 
and top plates 67, 69 of a mold. The mold also includes a 
middle plate 68 such that the middle and bottom plates 
combine to form cavities 80 around each individual package 
and a tight seal on the bottom surface of the packages to 
prevent ?ashing. Top plate 69 is positioned over middle 
plate 68 and helps direct the How of encapsulant material 
through various runners and gates as described in detail 
beloW. 
A suitable epoxy resin or similar encapsulant material 62 

is placed above a plunger 64. Material 62 is heated to 
temperature that melts material 62 into a viscous state thus 
enabling the material to How through the runners and gates 
described in detail beloW and into the package cavities 80 
that de?ne the shape of the IC packages. Once material 62 
is heated to an appropriate temperature, plunger 64 is 
advanced toWard the leadframe pushing or injecting the 
material into a series of runners. In the embodiment shoWn 
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in FIG. 7, a cull insert 65, Which is attached to a lower 
surface of top plate 69, directs encapsulant material towards 
each of the lead frame strips 50a and 50b. According to one 
embodiment, cull insert 65 includes a chamfered surface 66 
(shoWn in FIG. 8) to improve the How of encapsulant 
material into left and right runners that direct the encapsu 
lant material to each of lead frame strips 50a and 50b on 
opposite sides of tool 60. In some embodiments surface 66 
is angled at betWeen 5*20 degrees from the bottom surface 
of insert 65, and in one speci?c embodiment surface 66 is 
angled at 10 degrees from the bottom surface of insert 65. 

Referring noW to FIG. 9, Which is a simpli?ed top plan 
vieW shoWing a portion of lead frame strip 50b (the portion 
?uidly coupled to a single runner extending from cull insert 
65), the How of encapsulant through certain runners into the 
package cavities is shoWn by appropriate arroWs. Speci? 
cally, after being split by cull insert 65, the encapsulation 
material travels along a main runner 70 into subrunners 72a 
and 72b, Which as shoWn in FIG. 7, are de?ned by channels 
in an upper surface middle plate 68 and positioned in a plane 
above the lead frame strip and above package cavities 80 and 
thus do not take up valuable space on the lead frame strip. 
From each subrunner 72a, 72b the encapsulant ?oWs into a 
vertical gate 74 formed in middle plate 68 (vertical gates 
74a, 74b are coupled to subrunner 72a and vertical gates 
74c, 74d are coupled to subrunner 72b) that directs the 
encapsulant doWnWards into a lead frame runner 76 that is 
de?ned by channels in a loWer surface of middle plate 68. 
Vertical gate 74a is coupled to a lead frame runner 76a and 
vertical gate 760 is coupled to a lead frame runner 76b. Each 
of the lead frame runners is positioned along the length of 
and directly on top of one of the vertical connecting bars, 
such as bar 56 shoWn in FIG. 6. In some embodiments, the 
channels formed in middle plate 68 that de?ne the various 
runners and vertical gates Which deliver encapsulant to each 
cavity are lined With a thin liner material so that encapsulant 
that cools and hardens in the channels after the cavities are 
?lled can be easily removed. 

As described beloW, embodiments of the invention pro 
vide for lead frame runners that are thinner than previously 
knoWn runners 52 (FIG. 5) thus alloWing the vertical con 
necting bars of lead frame strips 50a and 50b spaced for lead 
frame runners to be thinner than connecting bar 56. Further 
details of the runner/ gate system discussed With respect to 
FIG. 9 can be seen in FIG. 10, Which is a perspective vieW 
of a portion of the runner/gate system shoWn in FIG. 9. 

Referring noW to FIG. 11, each individual IC is encased 
in a cavity 80 that includes a loWer surface 81 de?ned by 
plate 67 and an upper surface 82 de?ned by plate 68 (see also 
FIG. 7). Projections 84 extend from plate 68 toWards plate 
67 to ?ll the space betWeen adjacent leads of the package. 
Also, on the side of the package facing the lead frame 
runner, an inlet 86 (Which is one embodiment is the absence 
of a projection 84) is aligned to be coupled to a cavity gate 
78 (shoWn in FIG. 9 in abstract form only) that couples 
package cavity 80 to the lead frame runner. Cavity gate 78 
is positioned just beloW the lead frame runner betWeen 
adjacent leads of an individual IC package and has a vertical 
dimension thickness that is less than the thickness of the lead 
frame strip, a length from leadframe runner 76 to inlet 86, 
and a Width approximately equal to the distance betWeen the 
adjacent leads. The sides of cavity gate 78 are de?ned by 
adjacent lead frame leads, the bottom by the top of bottom 
plate 67 and the top by the bottom of middle plate 68. In one 
embodiment, the bottom of middle plate 67 includes a very 
thin projection that extends into the space betWeen the 
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6 
adjacent leads to help ensure a tight seal around the cavity 
gate While encapsulant is introduced into the package cavity. 

According to embodiments of the invention, much of the 
encapsulant delivery path is through runners positioned 
considerably above the lead frame strip and above the 
package cavities. Encapsulant is not delivered doWnWard to 
the lead frame strip until it reaches a vertical gate that 
connects to a lead frame runner 76. There are then multiple 
lead frame runners along a particular column or roW of the 
lead frame so that any individual lead frame runner does not 
serve the entire length of the column or roW. Each lead frame 
runner delivers encapsulant material to multiple cavities 
(e.g., tWo, four, six, eight, ten or more cavities) on either side 
of the connecting bar the runner is positioned along. This 
approach alloWs the lead frame runners to be thinner than 
lead frame runners 52 shoWn in FIG. 5 according to previ 
ously knoWn techniques because less encapsulant is required 
to How through the lead frame runner thereby saving space 
on the lead frame strip and alloWing more IC packages to be 
formed per unit area of lead frame strip than previously 
possible. 

In the example shoWn in FIG. 9, main runner 70 delivers 
encapsulant to 24 cavities 80 (only tWelve of Which are 
shoWn, a person of skill in the art Will appreciate that there 
are also tWelve IC package forming areas beloW main runner 
80 that mirror the package forming areas shoWn above 
runner 80), each subrunner 72a, 72b delivers encapsulant to 
12 cavities and each lead frame runner delivers encapsulant 
to 6 cavities. Also, there is a single vertical gate 74 that 
corresponds to each lead frame runner 76. A skilled artisan 
Will also appreciate that additional main runners 80 are used 
to deliver encapulant material to other portions of lead frame 
strip 90 not shoWn in FIG. 9 and that each such main runner 
is coupled to receive encapsulant forced against a cull insert 
via a plunger similar to plunger 64 shoWn in FIG. 7. 

Referring noW to FIG. 12A Which illustrates an example 
of a lead frame strip 90 according to one embodiment of the 
invention. As shoWn in FIG. 12A, lead frame strip 90 
includes 8 roWs by 30 columns of IC packages for a total of 
240 packages on the lead frame strip. Every second vertical 
connecting bar 93 includes a vertical gate 94 that delivers 
encapsulant material to a lead frame runner 96 (shoWn in 
FIG. 12A as small dots and shoWn in FIG. 12B, Which is an 
exploded vieW of portion C of FIG. 12A, as a circle Within 
lead frame runner 96) that in turn delivers encapsulant to IC 
package cavities on each side of the lead frame runner via a 
gate 98. As shoWn in FIG. 12B, each lead frame runner 96 
services four separate cavities 92 via four respective gates 
98. Also, there are four distinct lead frame runners 96 (not 
shoWn) along the length of every second vertical connecting 
bar 93. 
The description above has been given to help illustrate the 

principles of this invention. It is not intended to limit the 
scope of this invention in any Way. A large variety of variants 
are apparent, Which are encompassed Within the scope of 
this invention. For example, based on the above description, 
a person of skill in the art Will appreciate that embodiments 
of the invention are not limited to MLP packages and instead 
can be used With other types of chip scale packages includ 
ing packages in Which the bottom surface of the leadframe 
is covered With encapsulant, chip-on-lead and other pack 
ages that do not include a die pad. Also, While the invention 
has been described in detail and With reference to speci?c 
examples thereof, it Will be apparent to one skilled in the art 
that various changes and modi?cations can be made therein 
Without departing from the spirit and scope thereof. One 
such example is that in some embodiments of the invention, 
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a cascaded lead frame can be used in the injection molding 
process Where a single lead frame runner delivers encapsu 
lant material to tWo or more columns of IC packages on each 
side of the lead frame runner. In such embodiments, an 
additional gate is included betWeen the IC package cavities 
directly adjacent the lead frame runner and IC package 
cavities that are spaced more than one roW aWay from the 
lead frame runner. These equivalents and alternatives are 
intended to be included Within the scope of the present 
invention. 

What is claimed is: 
1. A method of encapsulating a plurality of integrated 

circuit chips attached to a lead frame strip, the lead frame 
strip including an outer frame and a plurality of vertical and 
horizontal connecting bars attached to the outer frame in a 
manner de?ning a plurality of inner frames arranged in a 
matrix pattern Within the outer frame, each inner frame 
including an area Where an IC chip from the plurality of IC 
chips is attached, the method comprising: 

for each inner frame, encasing the IC chip attached to the 
inner frame along With a portion of the inner frame 
Within a package cavity of a mold sized to form a single 
integrated circuit package; 

injecting encapsulant material into each package cavity, 
Wherein the encapsulant material is delivered to the 
package cavity through a series of runners and gates 
that includes at least one runner positioned on a plane 
above the package cavity, a lead frame runner posi 
tioned along a ?rst connecting bar of the lead frame 
strip and a vertical gate that couples a runner positioned 
on a plane above the package cavity to the lead frame 
runner and Wherein each lead frame runner delivers 
encapsulant material to a plurality of package cavities 
positioned adjacent to the lead frame runner. 

2. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
1 Wherein each inner frame includes a die pad, and the IC 
chip attached to the inner frame is attached to the die pad. 

3. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
1 Wherein the IC chip attached to the inner frame is attached 
to ends of a plurality of leads associated With the inner 
frame. 

4. A method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip, the lead frame 
strip including an outer frame and a plurality of vertical and 
horizontal connecting bars attached to the outer frame in a 
manner de?ning a plurality of inner frames arranged in a 
matrix pattern Within the outer frame, each inner frame 
including an area Where an IC chip from the plurality of IC 
chips is attached, the method comprising: 

for each inner frame, encasing the IC chip attached to the 
inner frame along With a portion of the inner frame 
Within a package cavity of a mold sized to form a single 
integrated circuit package; 

injecting encapsulant material into each package cavity. 
Wherein the encapsulant material is delivered to the 
package cavity through a series of runners and gates 
that includes at least one runner positioned on a plane 
above the package cavity, a lead frame runner posi 
tioned along a ?rst connecting bar of the lead frame 
strip and a vertical gate that couples a runner positioned 
on a plane above the package cavity to the lead frame 
runner and Wherein each lead frame runner delivers 
encapsulant material to a plurality of package cavities 
positioned adjacent to the lead frame runner; 
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8 
Wherein, along a length of each and every second vertical 

connecting bar of the lead frame strip, a plurality of 
lead frame runners are positioned end to end. 

5. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
4 Wherein each lead frame runner in the plurality of lead 
frame runners is coupled to a vertical gate. 

6. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
1 Wherein a substantial portion of each lead frame runner is 
positioned directly on top of the lead frame strip and Wherein 
the gate that delivers encapsulant material to each cavity is 
positioned betWeen top and bottom surfaces of the lead 
frame strip. 

7. A method of forming a plurality of integrated circuit 
packages, the method comprising: 

providing a lead frame strip comprising an outer frame, a 
plurality of horizontal and vertical connecting bars 
attached to the outer frame and de?ning a plurality of 
inner frames arranged in a matrix pattern Within the 
outer frame, each inner frame comprising a die pad and 
a plurality of leads arranged around the die pad; 

for each of a ?rst plurality of integrated circuit die, 
attaching an integrated circuit die in the ?rst plurality of 
integrated circuit die to a unique die pad and electri 
cally connecting the integrated circuit die to at least 
some of the plurality of leads surrounding its respective 
die pad; 

for each attached integrated circuit die, encasing the 
integrated circuit die and at least a portion of the lead 
frame Within a cavity of a mold, Wherein each mold is 
sized to form a single integrated circuit package and 
includes an inlet, the inlet positioned betWeen adjacent 
leads associated With the integrated circuit die and 
con?gured to alloW encapsulating material to be intro 
duced into the cavity; 

for each cavity encasing an integrated circuit die, injecting 
encapsulant material into the cavity under pressure to 
encapsulate the integrated circuit die, Wherein the 
encapsulant material ?oWs through a runner positioned 
on a plane above the cavity, through a vertical gate to 
a lead frame runner positioned along a connecting bar 
of lead frame strip and into a plurality of cavities 
through a respective plurality of cavity gates coupled to 
the lead frame runner; and 

after the encapsulant material hardens, singulating the 
plurality of integrated circuit packages using a punch 
singulation technique. 

8. The method of packaging a plurality of integrated 
circuit die set forth in claim 7 Wherein, along a length of 
each and every second vertical connecting bar of the lead 
frame strip, a plurality of lead frame runners are positioned 
end to end. 

9. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
8 Wherein each lead frame runner in the plurality of lead 
frame runners is coupled to a vertical gate. 

10. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
7 Wherein the step of injecting encapsulant material into the 
cavity of each mold encasing an integrated circuit further 
comprises delivering the encapsulant material through a 
main runner that serves a plurality of subrunners, each of 
Which is positioned on a plane above the cavity. 

11. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
10 Wherein a substantial portion of each lead frame runner 
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is positioned directly on top of the lead frame strip and 
Wherein the gate that delivers encapsulant material to each 
cavity is positioned between top and bottom surfaces of the 
lead frame strip. 

12. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
11 Wherein each subrunner is coupled to one or more lead 
frame runners by a vertical gate. 

13. The method of encapsulating a plurality of integrated 
circuit chips attached to a lead frame strip set forth in claim 
12 Wherein each subrunner is coupled to tWo lead frame 
runners positioned horizontally adjacent to each other on 
different vertical connecting bars, each of the tWo lead frame 
runners delivering encapsulant to different package cavities. 

14. A method of encapsulating a plurality of IC chips 
attached to a lead frame strip, the method comprising: 

providing a lead frame strip including an outer frame, at 
least ?rst, second and third adjacent vertical connecting 
bars attached to the outer frame and a plurality of 
horiZontal connecting bars attached to the outer frame, 
Wherein the vertical and horiZontal connecting bars 
de?ne a plurality of inner frames arranged in a matrix 
pattern Within the outer frame, each inner frame having 
an IC chip from the plurality of IC chips attached to it, 
the plurality of inner frames comprising a ?rst plurality 
of inner frames and a second plurality of inner frames, 
each of the ?rst and second plurality of inner frames 
including at least tWo inner frames positioned betWeen 
the ?rst and second vertical connecting bars and at least 
tWo inner frames positioned betWeen the second and 
third vertical connecting bars; 

encasing each of the plurality of inner frames and the IC 
chip attached to the respective inner frame Within a 
package cavity of a mold siZed to form a single 
integrated circuit package such that the ?rst plurality of 
inner frames and associated IC chips is encased in a 
corresponding ?rst plurality of molds and the second 
plurality of inner frames and associated IC chips is 
encased in a corresponding second plurality of molds; 

injecting each package cavity in the ?rst plurality of 
molds With encapsulant material, Wherein the encap 
sulant material is delivered to each package cavity in 
the ?rst plurality of molds through a series of runners 
and gates that includes a runner positioned on a plane 
above the package cavities, a ?rst lead frame runner 
positioned along the second connecting bar of the lead 
frame strip and a vertical gate that delivers the encap 
sulant material from a runner on a plane above the lead 
frame strip to the ?rst lead frame runner; and 

injecting each package cavity in the second plurality of 
molds With encapsulant material, Wherein the encap 
sulant material is delivered to each package cavity in 
the second plurality of molds through a series of 
runners and gates that includes a runner positioned on 
a plane above the package cavities, a second lead frame 
runner positioned along the second connecting bar of 
the lead frame strip and a vertical gate that delivers the 
encapsulant material from a runner on a plane above 
the lead frame strip to the second lead frame runner, 
Wherein the ?rst and second lead frame runners are 
positioned end-to-end along a length of the second 
connecting bar. 

15. The method of encapsulating a plurality of IC chips 
attached to a lead frame strip set forth in claim 14 Wherein 
the second vertical connecting bar is Wider than each of the 
?rst and third vertical connecting bars. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
16. The method of encapsulating a plurality of IC chips 

attached to a lead frame strip set forth in claim 15 Wherein 
the series of runners and gates comprises a main runner, a 
?rst subrunner and a second subrunner all of Which are on 
a plane above the package cavities, Where the main runner 
delivers encapsulant material to both the ?rst and second 
subrunners, and the ?rst subrunner delivers encapsulant 
material to a ?rst vertical gate associated With the ?rst 
plurality of molds, and the second subrunner delivers encap 
sulant material to a second vertical gate associated With the 
second plurality of molds. 

17. The method of encapsulating a plurality of IC chips 
attached to a lead frame strip set forth in claim 16 Wherein 
the lead frame strip comprises fourth and ?fth vertical 
connecting bars adjacent to the third vertical connecting bar, 
the second and fourth vertical connecting bars have a 
substantially identical Width and the ?rst, third and ?fth 
vertical connecting bars have a substantially identical Width; 
and 

the plurality of inner frames further comprises a third 
plurality of inner frames and a fourth plurality of inner 
frames, each of the third and fourth plurality of inner 
frames including at least tWo inner frames positioned 
betWeen the third and fourth vertical connecting bars 
and at least tWo inner frames positioned betWeen the 
fourth and ?fth vertical connecting bars; and the 
method farther comprises 

injecting each package cavity in the third plurality of 
molds With encapsulant material, Wherein the encap 
sulant material is delivered to each package cavity in 
the third plurality of molds through a series of runners 
and gates that includes a runner positioned on a plane 
above the package cavities, a third lead frame runner 
positioned along the fourth connecting bar of the lead 
frame strip and a vertical gate that delivers the encap 
sulant material from a runner on a plane above the lead 
frame strip to the third lead frame runner; and 

injecting each package cavity in the fourth plurality of 
molds With encapsulant material, Wherein the encap 
sulant material is delivered to each package cavity in 
the fourth plurality of molds through a series of runners 
and gates that includes a runner positioned on a plane 
above the package cavities, a fourth lead frame runner 
positioned along the fourth connecting bar of the lead 
frame strip and a vertical gate that delivers the encap 
sulant material from a runner on a plane above the lead 
frame strip to the fourth lead frame runner, Wherein the 
third and fourth lead frame runners are positioned 
end-to-end along a length of the fourth connecting bar. 

18. The method of encapsulating a plurality of IC chips 
attached to a lead frame strip set forth in claim 17 Wherein 
the ?rst and second lead frame runners are positioned 
horiZontally adjacent to the third and fourth lead frame 
runners. 

19. A method of encapsulating a ?rst plurality of inte 
grated circuit chips attached to ?rst lead frame strip and a 
second plurality of integrated circuit chips attached to a 
second lead frame strip, each of the ?rst and second lead 
frame strips including an outer frame and a plurality of 
vertical and horizontal connecting bars attached to the outer 
frame in a manner de?ning a plurality of inner frames 
arranged in a matrix pattern Within the outer frame, each 
inner frame including an area Where an IC chip from the 
plurality of IC chips is attached, the method comprising: 
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for each inner frame, encasing the IC chip attached to the 
inner frame along With a portion of the inner frame 
Within a package cavity sized to form a single inte 
grated circuit package; 

injecting encapsulant material into each package cavity, 
Wherein the encapsulant material is delivered to the 
package cavity through a series of runners and gates 
that includes a ?rst series of runners positioned over 
package cavities on the ?rst lead frame strip, a second 
series of runners positioned over package cavities on 
the second lead frame strip, a ?rst lead frame runner 
positioned along a ?rst connecting bar of the ?rst lead 
frame strip and a ?rst vertical gate that couples a runner 
in the ?rst series of runners to the ?rst lead frame 
runner, a second lead frame runner positioned along a 
second connecting bar of the second lead frame strip 
and a second vertical gate that couples a runner in the 
second series of runners to the second lead frame 
runner, and Wherein each of the ?rst and second lead 
frame runners delivers encapsulant material to a plu 
rality of package cavities positioned adjacent to the 
respective lead frame runner. 

20. A method of encapsulating a ?rst plurality of inte 
grated circuit chips attached to ?rst lead frame strip and a 
second plurality of integrated circuit chips attached to a 
second lead frame strip, each of the ?rst and second lead 
frame strips including an outer frame and a plurality of 
vertical and horiZontal connecting bars attached to the outer 
frame in a manner de?ning a plurality of inner frames 
arranged in a matrix pattern Within the outer frame, each 
inner frame including an area Where an IC chip from the 
plurality of IC chips is attached, the method comprising: 

for each inner frame, encasing the IC chip attached to the 
inner frame along With a portion of the inner frame 
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Within a package cavity siZed to form a single inte 
grated circuit package; 

injecting encapsulant material into each package cavity, 
Wherein the encapsulant material is delivered to the 
package cavity through a series of runners and gates 
that includes a ?rst series of runners positioned over 
package cavities on the ?rst lead frame strip, a second 
series of runners positioned over package cavities on 
the second lead frame strip, a ?rst lead frame runner 
positioned along a ?rst connecting bar of the ?rst lead 
frame strip and a ?rst vertical gate that couples a runner 
in the ?rst series of runners to the ?rst lead frame 
runner, a second lead frame runner positioned along a 
second connecting bar of the second lead frame strip 
and a second vertical gate that couples a runner in the 
second series of runners to the second lead frame 
runner, and Wherein each of the ?rst and second lead 
frame runners delivers encapsulant material to a plu 
rality of package cavities positioned adjacent to the 
respective lead frame runner; 

Wherein the injecting step further includes dividing a How 
of encapsulant material into a ?rst ?oW that ?oWs into 
the ?rst series of runners and a second ?oW that ?oWs 
into the second series of runners With a cull insert that 
has a bottom surface and an annular side surface. 

21. The method of encapsulating a ?rst and second 
plurality of integrated circuit chips set forth in claim 20 
Wherein the annular side surface of the cull insert is cham 
fered to form a loWer side surface and an upper side surface, 
the loWer side surface projecting from the bottom surface at 
an angle of betWeen 5*20 degrees. 


